Abstract-Indoor localization system becomes a substantial issue in recent research, especially in terms of the accuracy. Location based services have been used in many mobile applications as well as wireless sensor networks. High accuracy and fast convergence are very important issues for a good localization system. However, the type of obtained received signal strength (RSS) data is very important in order to get high accuracy. In this paper, we introduce three types of RSS data, which are: measured RSS, simulated RSS and average combined RSS. Bayesian network based on fingerprinting technique is used to investigate the effect of the three different types of RSS. The results show the effect of the three different RSS data on the accuracy of estimated location. The measured RSS has achieved an average accuracy of 4.3 meters using 10 training points while the average combined RSS has achieved a good accuracy of 2.1meters.
INTRODUCTION
Localization system is one of the most important issues nowadays. It could be used in outdoor or indoor environment. However, the location accuracy in indoor environment should be higher due to narrower space compare to outdoor environment. The most popular localization system in an outdoor environment is global positioning system (GPS). It is satellitebased navigation system and it requires line of sight communication.
The indoor positioning system is famously used in the indoor environments to localize and determine the location of people, materials, and equipment. In addition, it is useful for several industrial applications such as the construction industry, health industry, and logistic industry [1] . Many indoor localization technologies have been developed and have different localization performance, such as localization based on Bluetooth [2] , Ultra-wideband [3] , Radio frequency identification (RFID) [4] , and RSS [5] . However, these technologies are still suffering from poor accuracy and high complexity.
Currently, wireless local area network (WLAN) has become widely used in indoor areas. Moreover, the mobile devices
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The signal information such as channel number, RSS, MAC address utilized to design sophisticated localization systems. However, the most of indoor localization systems depend on the due to its high impact factor in indoor environments.
There are various techniques used in the indoor localization systems. The two most common techniques are lateration [6] and fingerprinting [7] . These two techniques are main RSSbased indoor localization [3] , [1] . Lateration technique is a geometry-based method that estimates the relative location of target by calculating the distance between reference points (PRs) and APs. However, this method requires at least three RPs in order to obtain the target location.
The fingerprinting technique is one of the most popular techniques that using RSS-based localization and has become an interested research topic in the indoor localization system in recent years. It's based on RSS that consists of two phases: offline phase and online phase. In the offline phase, creating a radio map that contains of the RSS measurements associate with APs coordinates. In the online phase, the mobile device collects samples of current RSS and then compare them with the stored data in the radio map to determine and localize the current location of the user [5] , [6] . The performance of this technique depends on the number of the RPs in the particular area, which means increasing in the number of the RPs results to increase the accuracy of estimated location. In addition, the system accuracy changes according to the methodology of simulation or experimental based system. In other word, the difference types of collecting RSS data are significantly affecting the system accuracy.
In this paper, we investigate the effects of three types of RSS data (measured data, simulated data and combined data) that used for estimating the user location in indoor environments. The rest of the paper is organized as follows. In Section 2, we provide some related works that have been done in an indoor localization system in the past years. Section 3 describes the indoor localization model that used to estimate the user location in the indoor environment. Section 4, we describe the results of the estimated location user in an indoor environment for each type of data. Finally, Section 5 concludes the paper and provides recommendations for future work.
II.
RELATED WORK Localization system is a technology which provides the navigation and localization service. GPS is the most famous technology that provides localization service for outdoor environment. However, GPS is not suitable for the indoor environment due to line of sight issue. To overcome this issue, many of the technologies with different techniques introduce an indoor localization system such as WLAN and Bluetooth. There are many exists methods based on fingerprinting technique using WLAN. In [4] , a Wi-Fi fingerprinting basis of important access point (IAP) proposed to reduce the amount of computation and the range of fingerprint matching. In this method, the strongest RSS takes into consideration as the IAP. The mobile location is estimated by matching of fingerprint distance and WIFI AP. However, WLAN-based is still suffering from the multipath effect that significantly reduces the system accuracy. In [7] proposed indoor localization based on FM signals to overcome the limitation of WLAN. FM signals operate in lower frequency that has less susceptible to human presence, multipath, and fading.
A new localization scheme based on curve fitting technique is introduced by [1] to improve the classical fingerprintingbased and lateration techniques. Basically, they divided the whole particular environment into subareas and then apply CF to construct a fitted RSS-distance function for each subarea in the environment. Although, this technique improved the localization accuracy, but still considers as complex system due to a huge Subarea and RPs are constructed. In [2] , the proposed algorithm is intelligently transformed the RSS into principal components (PCs), so that the APs is more efficiently utilized. The accuracy is improved and as well the online computation in this method is reduced due to the replacement the elements with a subset of PCs instead of selecting APs. The advantages of this algorithm are demonstrated, such as fewer training samples are required and enhancing the robustness to RSS.
Some of the indoor localization systems based on the probabilistic approach. One of these systems introduced by [8] , the authors designed indoor localization system by using Bayesian graphical model. This model depends on the set of conditional independence relationships. The first model of Bayesian network is used by [9] , which was just a simple model to estimate the user's location for single floor. Many sampling techniques are used by using collected data. One of the most important sample technique used is a Markov Chain Monte Carlo (MCMC). This technique works as a sample generator to generate a huge number of samples from the posterior distribution, so that these numbers of sampling are used to estimate the mean of the posterior.
III. INDOOR LOCALIZATION MODEL A. Bayesian Network Model
The idea behind the probabilistic location method is to calculate the conditional probability distribution of current location given a vector of in the online phase. The posterior probability can be calculated by using Bayes' rule:
where ( ) is the prior probability of previous information of location l before knowing any information about RSS. ( | ) is the likelihood function of obtaining variable is given the information of variable l. ( | ) is the posterior distribution of estimated location l with known vector of signal .
The posterior of conditional probability is the multiplication of prior probability and the likelihood function.
ℎ A single floor Bayesian system is considered the first indoor localization system based on Bayesian network using MCMC algorithm [9] . This system based on probabilistic approach using a Gibbs sampling algorithm to sample from the posterior distribution. Euclidean distance used to obtain the distance between AP's coordinates and user location. RSS is normally distributed with mean equal to the regression model of independent variables 0 and 1 variance 0 and 1 . The system nodes are defined as follows: 
B. Propagation Model
The propagation model depends on the particular environments such as indoor and outdoor environments. However, the propagation model in indoor environments is very complicated compared to the outdoor environment because of the multipath effects such as reflection, diffraction and scattering. Thus, the localization accuracy suffering from these effects based on the environments structure. The most common use path loss model is log-distance model [10] which describes as follows:
where ( 0 ) is the free space path loss at the reference distance 0 (Typically assumed to be 1 m), is the distance between APs and the receiver, is the path loss exponent and is the lognormal shadowing with zero mean in dB and standard deviation σ. Since the indoor environment structure contains multi-wall that may attenuate the transmitted signal, the distance model is defined as follows:
where is the number of walls and is the attenuation due to the walls in dB. The wall attenuation depends on the wall material. In our simulation, we use Wilocsim [11] to collect RSS fingerprinting. However, it does not consider the multi-wall environment. Thus, we add the wall attenuations as specified in Equation 3.
IV. EXPERIMENTAL TESTBED
The experiment and simulation campaign was conducted along a corridor width of 3 meters in a dimension area of 52 x 22 m 2 . Four Linksys-Cisco-WRT54G2-802.11b/g access points (APs) with operating frequency of 2.4GHz were used with four APs placed on the same floor. Fig. 1 shows the locations of the APs that have chosen according to pervious work [12] which the APs placed at many different locations in the building. Then, the best location of APs that the signal coverage can cover most of the areas on the floor is chosen to evaluate the user's location. Wi-Fi scanner software [13] is used to collect offline data. It is a Wi-Fi signal scanner software and it is able to provide information such as RSS for each AP. At each calibration point, we collect 30 samples in 360-degree rotation with one-second time interval. RSS recorded of four APs along the corridor on the ground floor. Fig. 2 shows the mean of the three types of RSS data for 50 locations along the corridor. It is observed that the RSS mean is higher when the location is close to APs while the weaker RSS mean when the location is far away from APs. The fingerprint at each location has a unique RSS mean in which make the estimation of the user's location in indoor environments by using fingerprint technique is the best choice. Figure 2 . RSS mean of AP1 along the corridor Fig. 3 shows the differences of RSS between the measured, simulated and average RSS along the corridor for AP1. It can be observed that the difference of RSS between average and measured RSS is less than the difference between measured and simulated RSS. In other words, the less difference of RSS can be improved location accuracy while the big difference leads to poor location accuracy. This study divided into three different schemes: experiment, simulation and combination of experiment and simulation. The radio map of three parts contents of 15 calibration points to be evaluated in the online phase using Madigan model. The number of training points that was used for the all schemes evaluation is 10 points. Fig. 4 plots the cumulative distribution function of the distance error for the three different types RSS data. The experiment-based scheme has achieved a poor accuracy compared to simulation-based scheme. The maximum distance errors of experiment and simulation schemes are 8.2 and 2.5 meter, respectively. However, the combined scheme obtained a maximum distance error of 5.6 meters, which is the average error of the pervious schemes. 5 shows the system accuracy of each scheme in indoor environments. It obviously shows the poor and high accuracy obtained by the experiment and simulation schemes is 4.3 and 1.9 meters, respectively. However, the simulation scheme cannot be considered in real time implementation while the experiment scheme gives poor accuracy. Thus, the combined scheme can be implemented in the real time environment. Moreover, it achieved a good average of location accuracy of 2.1 meters. Localization systems are still a considerable issue in wireless communication, especially in indoor environments. The localization techniques that depends on the experimental data is still suffering from the poor accuracy and high computational cost while simulation data is not gives accurate location in real time environment. In this paper, we investigate the effects of the type of data that used for estimating the location user in indoor environments. The three types of data have been investigated in terms of location accuracy. The measured data has been achieved average accuracy of 4.3 meters using 10 training points while the combined data achieved 2.1 meters.
